Eight major races of the tan spot fungus, Pyrenophora tritici-repentis, have been classified on the basis of their least three host selective toxins (HSTs) that are toxic to certain genotypes of wheat and its close relatives (Ciuffetti and Tuori, 1999). Ptr ToxA, a proteinaceous
S
ome of the most fundamental questions in plant 13.2 kDa HST, is a well-characterized necrosis toxin biology concern the mechanisms underlying the (Ballance et al., 1989; Tomas et al., 1990 ; Tuori et al., phenomena of variable disease resistance among geno-1995; Zhang et al., 1997; Ciuffetti and Tuori, 1999) , types of a particular plant species. Much research has which causes extensive necrosis when infiltrated into focused upon the identification of the genes and biothe leaves of sensitive genotypes. chemical pathways involved in gene-for-gene interacHost sensitivity to Ptr ToxA is associated with disease tions (Martin et al., 1993; Jones et al., 1994; Grant et susceptibility (Friesen et al., 2003) . The Tsn1 gene, loal., 1995; Song et al., 1995) . Disease susceptibility is cated on the long arm of wheat chromosome 5B, conditypically thought to be passive because it occurs because tions sensitivity to Ptr ToxA (Faris et al., 1996) . The of lack of pathogen recognition by the host (Hammondabsence of Tsn1 results in insensitivity (Anderson et al., Kosack and Jones, 1997) . Less attention has been given 1999). Functional studies of the action of Ptr ToxA using to the mechanisms that propagate the disease reaction, an electrolyte leakage assay have shown that de novo and the idea that active host processes might also influmRNA and protein synthesis are required for toxin ence susceptibility is rarely considered.
activity (Kwon et al., 1998) . Recently, it has been demTan spot of wheat and durum is an economically onstrated that an arginyl-glycyl-aspartic (RGD) motif important disease worldwide. Most commercial cultiin the Ptr ToxA protein is responsible for eliciting the vars are susceptible to tan spot, and although some necrotic reaction (Meinhardt et al., 2002) . This amino genotypes with good levels of resistance have been idenacid sequence is involved in the binding of effector moletified, genotypes possessing complete resistance are rare cules to transmembrane receptors called integrins (re- (Rees and Platz, 1990) . In addition to common wheat viewed in D' Souza et al., 1988) in animals; however, it and durum, disease susceptibility extends to several of remains unclear what function integrin-like molecules the wheat relatives (Krupinsky, 1992) .
have in plants. This biochemical and genetic data suggest active host processes may contribute to the virulence of the fungus. CROP SCIENCE, VOL. 44, MAY-JUNE 2004 HRLs were described in Joppa (1993) . For AFLP bulked mately 12% is composed of single copy sequences segregant analysis, we used the common wheat cultivar Chi- (Smith and Flavell, 1975) . The wheat genome was once nese Spring (CS), the CS-DIC 5B substitution line, the chrothought to be intractable to positional cloning because mosome deletion line 5BL-14, and bulked pools of recombiof its large genome size and complexity. It is now known nant substitution lines (RSLs) derived from CS ϫ CS-DIC that over 85% of the expressed genes in wheat are 5B. The CS-DIC 5B RSL population was described in Gill et located in small chromosomal segments of high gene al. (1996) . This population did not segregate for reaction to density and frequent recombination (Gill et al., 1996;  Ptr ToxA, but the extensive mapping data generated by Faris Faris et al., 2000; Sandhu et al., 2001 ). Assembly of contiget al. (2000) allowed us to construct more efficient bulks comuous bacterial artificial chromosome (BAC) sequences pared with the LDN-DIC 5B HRL population. Nullisomic-tetrasomic (NT) lines (Sears, 1966) and chromoand comparisons with corresponding genetic linkage some deletion lines (Endo and Gill, 1996) be 400 kb/cM, an 11-fold increase in recombination compared to the genomic average. These data suggest posiPtr ToxA Screening tional cloning could be used to isolate the Tsn1 gene.
The objectives of this research were to (i) use methyl- manufacturer's instructions. Five microliters of this purified (w/v) polyacrylamide gel at 80 W for 3.5 h, dried on filter liquid was then used as template in PCR reactions to reamplify paper for 2 h at 80ЊC, and exposed to X-ray film for 3 to 7 d. each fragment. cDNA-AFLP fragments were reamplified from their original selective primers, and AFLP fragments
AFLP-BSA
were reamplified from universal (EcoRI, MseI, or PstI) primers, which lacked selective nucleotides. PCR conditions were Bulked DNA pools consisting of CS RSLs were constructed 94ЊC for 3 min followed by 30 cycles of 94ЊC for 30 s, 55ЊC on the basis of genotypes of markers known to flank Tsn1 for 30 s, and 72ЊC for 1 min, followed by 72ЊC for 7 min. (Faris et al., 2000) . Each bulk consisted of 10 individuals that Ten nanograms of reamplified product was cloned and were homozygous for either CS or DIC 5B within the targeted transformed with either the AdvanTAge PCR Cloning Kit region. DNA extraction of CS, CS-DIC 5B, deletion line (Clontech Laboratories Inc.) or the TA Cloning Kit (Invitrogen 5BL-14, and the bulks was done according to Faris et al. (2000) .
Corporation, Grand Island, NY) according to the manufactur-AFLP analysis using EcoRI and MseI restriction sites was er's instructions. Bacterial colonies were grown on Luria-Berperformed with the AFLP Analysis System I (Life Technolotani (LB) plates containing carbenicillin and X-Gal (5-bromogies Inc.) according to the manufacturer's instructions, except 4-chloro-3-indolyl-␤-D-glactopyranoside) overnight at 37ЊC. that eight additional EcoRI and MseI primers were conAt least 12 white colonies were picked from each transforstructed. Selective amplification products were separated on mation event and grown in 150 L of liquid LB-carbenicillin a 50 cm 5% (w/v) polyacrylamide gel at 80 W for 3.5 h, dried media for 6 to 18 h. One-half or 1 L of each culture was on filter paper for 2 h, and either exposed to X-ray film for used as template for PCR to reamplify the cloned inserts. Ten 2 to 7 d or exposed to a phosphorimaging screen for 2 to 5 h microliters of each sample was then separated on a 2% (w/v) and scanned with a Typhoon 9410 Variable Mode Imager agarose gel, and stained with ethidium bromide, visualized (Molecular Dynamics Inc., Sunnyvale, CA). A total of 256 under UV light, and photographed. primer combinations were screened for polymorphism beClones that contained the expected insert size were digested tween the bulks and the concomitant absence of the polymorwith the restriction enzyme RsaI and electrophoresed on a phic fragment in deletion line 5BL-14.
2% (w/v) agarose gel for fingerprinting. Clones that showed Methylation-sensitive AFLP analysis was done according unique restriction patterns were tested for map position by to the following method. Double-stranded adapters were prehybridization to Southern blots containing digested genomic pared by mixing 1500 pmoles of each of the long and short DNA from CS, the group 5 nullisomic-tetrasomic lines, and strands of the MseI and PstI adapters to produce a 5 pmol/L deletion lines 5BL-9 and 5BL-14. Clones that were low-copy solution which was heated to 94ЊC for 3 min and allowed to and mapped distal to the 5BL-14 breakpoint were used for slowly cool to room temperature for 2 h. The adaptor segenetic mapping. quences are as follows: MseI long adaptor (5Ј-GACGAT GAGTCCTGAG-3Ј), MseI short adaptor (5Ј-TACTCAG
RFLP Analysis
GACTCAT-3Ј), PstI long adaptor (5Ј-CTCGTAGACTGCG TACATGCA-3Ј), and PstI short adaptor (5Ј-TGTACGCAG DNA isolation, Southern blotting, and hybridization proce-TCTAC-3Ј). Genomic DNA from CS, the bulked segregants, dures were performed as described in Faris et al. (2000) . Fragand deletion line 5BL-14 was digested and ligated to adapters ments proven to hybridize within the targeted deletion interval simultaneously as follows. Genomic DNA (250 ng) was mixed were tested for polymorphism in the low-resolution mapping with 5 units of PstI and 2 units of MseI restriction enzymes, populations by hybridizing them to diagnostic blots containing 5 pmol PstI adaptor, 50 pmol MseI adaptor, 1 L 10 mM ATP, the parents of each respective population digested with the 1 unit T4 ligase, 0.5 L 100ϫ BSA (bovine serum album), restriction enzymes EcoRI, EcoRV, DraI, HindIII, and either 5 L 10ϫ One-Phor-All Buffer Plus (Amersham Pharmacia XbaI or ScaI. Those markers showing polymorphism were Biotech, Inc., Piscataway, NJ), and filled to a final volume of used to construct low-resolution genetic linkage maps of the 50 L with ddH 2 0. This mixture was placed in the thermal region. Markers found to detect loci closely linked to Tsn1 cycler at 37ЊC for 2 h followed by 15 min at 70ЊC to inactivate were then hybridized to the parents of the high-resolution the enzymes. The digestion/ligation reaction mixture was then mapping populations digested with restriction enzymes ApaI, diluted 10-fold with ddH 2 0, and the diluted reaction mixture BamHI, BglII, DraI, EcoRI, EcoRV, HindIII, KpnI, SacI, was used directly as template DNA for the preamplification.
ScaI, and XbaI, and subsequently hybridized to individuals of To assemble the preamplification reaction (50 L total volthe populations digested with the enzyme giving the clearume), we mixed the following components: 5 L diluted liest polymorphism. gated DNA, 75 ng MseI-primer, 75 ng of the PstI one-base extension primer, 4 L 2.5 mM dNTPs, 1 L Advantage cDNA Linkage Analysis polymerase mix (Clontech Laboratories, Inc., Palo Alto, CA), 5 L 10ϫ PCR-buffer, and 32 L water. The mix was then
The computer program Mapmaker (Lander et al., 1987 ) used for the preamplification step with the same thermal cycler version 2.0 for Macintosh was used to calculate linkage disprogram used for EcoRI/MseI preamplification. tances using the Kosambi mapping function (Kosambi, 1944 ) Three microliters of the preamplification reaction was diand a LOD of 2.0 for the LDN BC map, 3.0 for the CS RSL map, and 7.0 for the WK F 2 and LDN F 2 maps. luted with 147 L of ddH 2 0 for use in the selective amplifica-
Sequencing
mosome 5B. Fifteen of these clones detected loci in the targeted region ( cDNA-AFLP analysis. A total of 15 positive fragments were detected, isolated, and used as RFLP probes. Of these fragments, 8 were low-copy and 7 were high-copy
RESULTS
sequences. Of the low-copy fragments, three detected We employed unique wheat cytogenetic stocks in comloci on group 5 chromosomes, and two of these mapped bination with molecular technologies for the targeting within the targeted region (Table 1, Figure 3 ). Probes of markers to a submicroscopic genomic region (Fig. 2) .
FCC1 and FCC2 detected loci on all three homeologs, We combined several high-throughput molecular geand FCC3 detected loci on chromosomes 5B and 5D. netic technologies including cDNA-AFLP and methylaNone were group 5 specific. tion-sensitive and methylation-insensitive genomic AFLP with bulked segregant analysis (BSA) to saturate the
Mapping of Clones
genomic region containing the Tsn1 locus with molecuPhysical Mapping lar markers. The combination of these methods with RFLP analysis on the wheat group 5 NT lines and the Initial mapping of newly identified (cDNA)-AFLP deletion lines 5BL-14 and 5BL-9 enabled us to efficiently fragments consisted of conversion to RFLP markers and target markers to the physical region containing Tsn1.
hybridization to diagnostic blots containing the group 5 NT lines and the deletion lines 5BL-9 and 5BL-14. A total of 18 clones derived from the three techniques EcoRI/MseI AFLP-BSA used in this experiment were identified as low-copy and We evaluated 256 primer combinations on CS, CS-DIC mapped to the region between deletions 5BL-14 and 5B, bulked segregants, and the chromosome deletion 5BL-16. In addition, clones FCG3, FCG5, and FCC3 line 5BL-14. An average of 80 bands was visualized per were hybridized to a panel of 5B long arm deletion lines reaction for each primer combination; therefore, over and were found to map between the breakpoints in 20 000 bands were observed. Six positive fragments were deletion lines 5BL-1 and 5BL-11 (Fig. 3) . identified that were polymorphic between the bulks and absent in the deletion line 5BL-14. Cloning and characLow-Resolution Genetic Mapping terization of these DNA fragments resulted in the idenLow-resolution genetic mapping is necessary for the tification of three low-copy and three high-copy seexpedient ordering of genetic markers. For initial mapquences. Of the low-copy fragments, two detected RFLPs ping, RFLP markers within the Tsn1 region were seon group 5 chromosomes, of which one mapped within lected from maps presented by Faris et al. (1996 Faris et al. ( , 2000 ) the targeted interval. This clone, FCG19, detected a and used to construct skeleton maps in the low-resolusingle 5B locus (Table 1, Fig. 3 ) and appeared to be tion LDN BC and CS RSL populations. All markers specific for the B genome of T. dicoccoides, as it did that mapped within the Tsn1 region on the physical map not hybridize to any fragments in LDN or CS (data not and showed polymorphism between the parents of the shown). Because the second low-copy clone hybridizing respective mapping populations were used to construct to group 5 chromosomes did not map within the targeted the low-resolution maps. region, it was not further analyzed.
Eight (cDNA)-AFLP derived clones could be mapped in the LDN BC population. Markers Xfcg1, Xfcg10, PstI/MseI AFLP-BSA Xfcg16, and Xfcg17 cosegregated with Tsn1 in this popuWe evaluated 256 primer combinations for PstI/MseI lation. Fourteen (cDNA)-AFLP clones could be mapped AFLP, using CS, CS-DIC 5B, bulked segregants, and in the CS RSL population. Only one marker, Xfcg17, the deletion line 5BL-14. As with EcoRI/MseI AFLP, mapped at a LOD Ͻ3.0. Presumably, this is due to one approximately 80 bands were observed per primer complant having a double crossover flanking the marker bination. Forty-two positive fragments were cloned and (data not shown). Although this population does not characterized resulting in the identification of 17 lowsegregate for Tsn1, the markers Xfcg1 and Xfcg17 did not cosegregate with each other or with Xfcg10 and copy clones that detected loci on the long arm of chro- two clones as alleles even though they are physically close enough to each other to hybridize to the same † AFLP primers used: P ϭ PstI primer; M ϭ MseI primer; E ϭ EcoRI primer, followed by three selective bases.
fragments on genomic Southern blots. ‡ Number of fragments detected on Southern blots consisting of genomic
The sequences of cDNA-AFLP and AFLP-derived were subjected to BLASTn and BLASTx searches of the NCBI nonredundant (nr) database (Altschul et al., High-Resolution Genetic Mapping 1997). The most significant BLASTn and BLASTx hits Markers closely linked to Tsn1 were further mapped are presented in Table 2 . Of the 16 unique sequences in 633 WK F 2 s and 930 LDN F 2 s that were genotyped tested, 10 sequences had no significant similarity to any for homozygosity at the Tsn1 locus. Because of low sequences in the database. The remaining six unique levels of polymorphism, relatively few clones could be sequences had significant similarities to known sequences mapped in the WK F 2 population; however, markers in wheat, barley (Hordeum vulgare, L.), and rice. Xfcg7 and Xfcg9 flanked Tsn1 at 0.4 and 0.2 cM, respecThe sequences of unique cDNA-AFLP and AFLPtively, and the marker Xfcg17 cosegregated with Tsn1 derived clones that mapped within a 7.2 cM interval (Fig. 4) . The same probes were mapped in the LDN F 2 encompassing Tsn1on the CS RSL map, in addition to population. Xfcg7 and Xfcg9 flanked Tsn1 at 0.4 and five RFLP clones that flank the interval, were also tested 0.6 cM, respectively, and Xfcg17 mapped 0.2 cM proxifor similarity to rice genomic BAC/PAC and EST semal to Tsn1. quences using Gramene (Ware et al., 2002; http://www. The interval between markers Xfcc1 and Xfcg7 congramene.org; verified 20 January 2004). The rice BAC/ tains 4.4 cM in the WK F 2 population, but the same PAC clones with the highest degree of similarity to the interval consists of 3.6 cM in the larger LDN F 2 populatested clones are listed in Table 3 . The RFLP clones tion. The size difference for this genetic interval is pri-CDO465 [oat (Avena sativa L.,) cDNA], RZ575 (rice marily due to a difference in recombination frequency cDNA), and KSU919 (Lipoxygenase gene) all had high between Xfcc1 and Xfcg10, which is 2.7 cM on the WK degrees of similarity to rice chromosome 3 BACs, and F 2 map compared to 1.7 cM on the LDN F 2 map. The they likely detected orthologous rice sequences. None genetic interval between Xfcg10 and Xfcg7 is nearly of the clones mapping within a 6.3-cM segment encomidentical at 1.7 cM on the WK F 2 map and 1.9 cM on passing Tsn1 had any similarity to any rice BAC/PAC the LDN F 2 map. The LDN F 2 map had better resolution or EST sequences. The more proximally located clone at the Tsn1 locus because three recombinants between FCG6 had a high degree of similarity to a rice chromoTsn1 and Xfcg17 were observed while no recombinants some 3 sequence, and RFLP clones BCD183 (barley between Tsn1 and Xfcg17 were observed in the WK cDNA) and CDO400 (oat cDNA) had significant simi-F 2 population. larities to sequences on rice chromosomes 7 and 2, respectively.
Sequence Analysis of Clones
The sequences of the same cDNA-AFLP and AFLPderived clones were tested for similarity to Triticeae All cDNA-AFLP and AFLP-derived clones that detected fragments on the long arm of chromosome 5B expressed sequence tags (ESTs) in the wEST databases ToxA infiltration analysis or by scoring of nearby RFLP sequences (Table 3) . Only clones FCG1, FCG6, FCG7, markers. Bulked segregants derived from the Langdon and FCC1/FCC2 had significant similarities to database ESTs. This suggests that clones FCG9/FCG12, FCG10, HRL population were either sensitive to Ptr ToxA, pos-FCG14, FCG16, FCG17, and FCG19 represent low copy sessing the dominant Tsn1 allele, or they were insensinoncoding sequences.
tive and the pooled individuals were recessive at the locus. Therefore, the bulks were essentially near-isogenic. By coupling BSA with AFLP, we were able to DISCUSSION recover a relatively large number of polymorphic fragTargeting Markers to the Tsn1 Region ments for a very small genomic region. cDNA-AFLP analysis of RNA isolated from sensitive There are several possible strategies for improving and insensitive bulked segregants allowed us to identify the efficiency of high-resolution mapping by facilitating fragments of expressed genes within the targeted genomarker discovery. PCR-based marker technology has mic region; however, this procedure may have shown made the analysis of larger populations more practical, bias toward high copy number RNAs (Bertoli et al., and AFLP techniques have provided a reliable means 1995). Approximately 2700 fragments were visualized of detecting genetic diversity throughout the genome by the cDNA-AFLP technique, and two of these rewithout prior knowledge of DNA sequence. The application of bulked segregant analysis (Michelmore et al., sulted in low-copy markers that mapped within the tar- Derived from the raw alignment score (S) in which the statistical properties of the scoring system used have been taken into account, so they can be used to compare alignment scores from different searches. ‡ Expectation value. The number of different alignments with scores equivalent to or better than the raw alignment score (S) that are expected to occur in a database search by chance. § Clone pairs FCG9/FCG12 and FCC1/FCC2 were determined to be allelic based on sequence. Sequences for FCG9 and FCC1 were submitted to GenBank. geted interval. However, these two clones were found to be used in AFLP analysis to locate markers in the recombinationally active regions of chromosomes (Powell contain identical sequences; therefore, only one unique and useful marker was generated from this technique.
et al., 1997). Unlike EcoRI/MseI AFLP, the fragments amplified by this technique are likely to be located in Thus, 0.04% of the observed fragments yielded useful markers within the targeted region.
regions of euchromatin. There is no bias toward highly expressed gene regions, which is an advantage of PstI/ AFLP bands represent genomic sequences that may be intergenic or intragenic. The EcoRI/MseI AFLP MseI AFLP over cDNA-AFLP. Over 20 000 fragments were visualized by the methylation-sensitive PstI/MseI technique shows no bias toward expressed regions of the genome, and fragments derived from the technique AFLP technique, and 15 of these fragments produced 14 unique markers that mapped within the targeted may therefore be from any genomic region. Over 20 000 fragments were visualized using the EcoRI/MseI AFLP interval. Therefore, the efficiency of this technique was 0.075%, which is 14 times more effective than the technique. One of these resulted in the discovery of a low-copy marker that mapped within the targeted EcoRI/MseI AFLP technique and about twice as effective as the cDNA-AFLP technique. interval. For this procedure, 0.005% of the observed fragments yielded useful DNA markers.
A similar approach to gene targeting was employed by Faris and Gill (2002) . Differential display analysis The methylation-sensitive restriction enzyme PstI can Table 3 . Clones that identified markers mapping near the Tsn1 locus in the CS ϫ CS-DIC 5B RSL population (see Fig. 3 ), whether designated as a coding or noncoding sequence, the best BLASTn hits to rice BAC/PAC clones, the corresponding significance values, and the rice chromosomes containing the corresponding rice BAC/PAC. and AFLP were combined with the chromosome deletional cloning depends on the frequency of recombination that occurs within the genomic region of interest. tion lines known to flank the Q gene, which is largely responsible for the domestication of wheat. Here, the The Lr10 leaf rust resistance locus in hexaploid wheat was spanned by a T. monococcum BAC contig following differential display technique had an efficiency of 0.04%, and several of the positives isolated from PAGE gels the analysis of 6240 gametes (Stein et al., 2000) . Within a 350-kb segment, they found recombination frequendid not map to the targeted deletion interval. These were likely transcripts regulated by the Q gene or ancies to range from 400 kb/cM to more than 12 000 kb/cM. However, Faris et al. (2003) found that 930 gametes other closely linked regulatory gene. EcoRI/MseI AFLP on the deletion lines appeared to be much more effective were sufficient to do chromosome walking and assemble a contiguous BAC sequence spanning the Q gene on than the differential display technique. With an efficiency of 0.14%, AFLP showed a 3.5-fold increase in the long arm of chromosome 5A. Here, they found recombination frequencies ranged from 130 to 600 kb/ efficiency for gene targeting as opposed to differential display on the same genetic material.
cM. Therefore, depending on the target region and the frequency of recombination that occurs within it, a relaWhen comparing our results with those of Faris and Gill (2002) , one must consider the size of the targeted tively small population may be sufficient for positional cloning. genomic region. The genetic size of the segment targeted by Faris and Gill (2002) was about 20 cM, while our
The physical size of the haploid wheat genome is approximately 16 000 Mb. The total genetic length of target was less than 10 cM. A target of reduced size will presumably lead to lower efficiency. The 0.14% the hexaploid wheat genome is approximately 3700 cM; therefore, the genome-wide genetic to physical distance efficiency of EcoRI/MseI AFLP reported by Faris and Gill (2002) would likely have been very similar to the ratio is about 4.4 Mb/cM. If we assume that each chromosome is of equal size and that the long arm of chromo-0.075% efficiency that we report for PstI/MseI AFLP had their targeted region been the same size.
some 5B accounts for two-thirds of the entire chromosome length, it would be composed of 510 Mb. Taken together, our results and those of Faris and Gill (2002) suggest the use of AFLP for the amplification Faris et al. (2000) performed saturation mapping on chromosome 5B to determine the recombination freof genomic DNA may be more efficient for genomic targeting in wheat than mRNA differential display or quency of the gene-rich region between fraction breakpoints 0.75 and 0.79 where the Tsn1 gene is located. cDNA-AFLP. This is probably due to the amplification of transcripts derived from genes that do not map to Although the exact size of this chromosomal region is not known, cytological experiments indicate it is approxthe targeted interval but are, instead, controlled by regulatory genes within the region, or a bias toward the imately 4% of the long arm of chromosome 5B. Because the recombination-based map of this region was about amplification of high-copy transcripts. In the current study, methylation-sensitive AFLP was much more effi-50 cM, the recombination frequency was determined to be approximately 400 kb/cM, which is an 11-fold incient for genomic targeting than was traditional methylation-insensitive EcoRI/MseI AFLP or cDNA-AFLP.
crease in recombination compared with the genomic average. This may be due to its preferential targeting of recombinationally active (gene rich) regions without the regulatory
We have been able to estimate further the recombination frequency in the Tsn1 region between fraction and transcript bias problems associated with differential display (Bertioli et al., 1995) , and possibly cDNAbreakpoints 0.75 and 0.76, a region consisting of approximately 1% of the length of the long arm of chromosome AFLP, techniques.
5B. The physical size of this region is about 5.1 Mb, and there are 18.4 cM between breakpoints 0.75 and 0.76 in
Physical and Genetic Mapping
the CS RSL population. Therefore, the recombination The premise underlying positional cloning is that a frequency is about 272 kb/cM in this region, a 16-fold gene's location can be pinpointed with great enough increase in recombination compared to the genomic precision to allow for its sequencing or its subjugation average, and a 1.5-fold increase compared with previous to complementation or transformation studies. Genetic estimates of the recombination frequency between fracmapping accomplishes the localization of a gene locus tion breakpoints 0.75 and 0.79 (Faris et al., 2000) . These by the determination of its closest flanking crossover data suggest markers Xfcg17 and Xfcg9 will provide events. The likelihood of obtaining the best estimate of excellent starting points for chromosome walking and a gene's position by genetic mapping relies upon several the eventual map-based cloning of Tsn1. factors inherent to the mapping population including the relatedness of the parental lines used for crossing Wheat/Rice Colinearity within and population size.
the Targeted Region
Population size has greatly influenced the estimation of the recombination fraction in this research. Resolu-A remarkable level of colinearity between the rice and wheat genomes at the chromosome level has been tion differences due to population size are apparent in comparisons among the smaller and larger mapping well established. Using primarily RFLPs, the rice genome was divided into linkage blocks that correspond populations. Only in the largest population of 1860 gametes did we find that the marker Xfcg17 and Tsn1 to homologous wheat chromosomes (Ahn et al., 1993; Van Deynze et al., 1995; Gale and Devos, 1998) . These could be resolved to 0.2 cM. These results substantiate the importance of population size for positional cloning results implied that the relatively small genome of rice could be used as a tool for cloning genes in grasses with purposes, but the size of population necessary for posi-much larger genomes such as wheat. However, attempts involved in the manifestation of the major wheat disease, tan spot. to clone genes from barley or wheat with rice as a vehicle have met with varying success (Gallego et al., 1998; Han et al., 1999) tionships at the fine level (Lamoureux et al., 2002) .
shows a strong bias towards high copy number mRNAs. Nucleic
Our comparative analysis of the Tsn1 locus on wheat Acids Res. 23:4520-4523.
chromosome 5B with rice agrees with Sorrells et al. 
